Cultures of smooth muscle cells were pre pared from the basilar artery of adult guinea pigs. Pas saged cultures (10-30 passages) that expressed serotonin receptors were studied using [3Hlthymidine incorpora tion. When tested in quiescent medium, serotonin po tently stimulated eHlthymidine incorporation (ECso of 31 nM) by as much as 400% at 24 h. The number of cells was not significantly increased at 24 or 48 h. At concentra tions of 10-8 _10--5 M 5-HT, [3Hlthymidine uptake was reduced 40-50% by the dihydropyridine Ca 2 + channel blocker, nifedipine (I fLM). To demonstrate a possible mechanism for the sensitivity to nifedipine, Ca 2 + cur rents were measured using the whole cell patch clamp technique. The cells expressed dihydropyridine-sensitive
Cerebral vasospasm and ischemic deficits are fre quent complications of subarachnoid hemorrhage fo llowing rupture of intracranial aneurysms. Be cause injury to blood vessels and exposure to blood-borne growth factors are known to cause mi togenesis of smooth muscle cells (SMCs), it has been suggested that intimal proliferation may be in volved in the pathophysiology of cerebral vaso spasm (Mayberg et aI., 1990) . Although actual pro liferation of SMCs generally has not been observed in subarachnoid hemorrhage until after the risk of vasospasm has passed (Take mae et aI., 1984; Find lay et aI., 1989) , it is possible that early events in-L-type Ca 2 + channels, but not other subtypes of Ca 2 + channels, as indicated by the kinetic and voltage dependent characteristics of the current and by the stim ulatory effect of Bay K 8644. The magnitUde of the Ca 2 + currents was related exponentially to the membrane sur face area, measured as cell capacitance. These data sup port the association of dihydropyridine-sensitive Ca 2 + channels with mitogenesis in vascular smooth muscle, and suggest an alternate mechanism of action for the ben eficial effect of dihydropyridines in prophylaxis of cere bral vasospasm. Key Words: Basilar artery-Cultured smooth muscle cells-Ca 2 + channels-[3Hlthymidine Serotonin-N ifedipine-Cerebral vasospasm-Growth factor.
volving stimulation of DNA synthesis or pheno typic modulation may contribute, alone or in com bination with vasoconstrictive agents, to the vasculopathy. In support of this hypothesis, agents that inhibit mitogenesis or protein synthesis (Chi mowitz and Pessin, 1987; Peterson et aI., 1990; Shi geno et aI., 1990) have been shown to reduce cere bral vasospasm after experimental subarachnoid hemorrhage, Dihydropyridine Ca2+ channel blockers reduce complications from vasospasm after subarachnoid hemorrhage (Allen et aI., 1983; Meyer, 1990) . The mechanism by which dihydropyridines exert their beneficial effect is unclear, but both vasodilation and neuronal protection have been implicated (Meyer, 1990) . Notably, dihydropyridine Ca2 + channel blockers are an additional class of drugs known to inhibit SMC mitogenesis, at least in pe ripheral vascular SMCs, and this action has been suggested as the mechanism by which Ca2+ channel blockers retard progression of atheromatous lesions (Jackson et aI., 1989; Lichtlen et aI., 1990) . We hy pothesized an analogous role for dihydropyridines in prophylaxis of cerebral vasospasm after sub arachnoid hemorrhage, and sought to study this mechanism in an in vitro model.
To examine the hypothesis that Ca2 + channel blockers might have an antimitogenic effect on ce rebral SMCs, we studied the effect of nifedipine on serotonin-induced [3H]thymidine incorporation in passaged SMCs derived from the basilar artery of adult guinea pigs. We chose serotonin (5-HT) for study because this agent is not only a potent con strictor of cerebral blood vessels (Hamel et aI., 1985 (Hamel et aI., , 1989 but is also one of a number of sub stances known to stimulate mitogenesis in cultured cells, including aortic SMCs (Nemecek et aI., 1986; Kavanaugh et aI., 1988; Owens, 1989) . We selected the basilar artery of adult guinea pigs for study be cause 5-HT has potent effects on dihydropyridine sensitive Ca2 + channels in freshly isolated cells from this vessel (Kent et aI., 1989; Simard et aI., 1989) , the response to 5-HT in cerebral arteries of the guinea pig resembles that in primates (Hamel et aI., 1985) , and, although not completely character ized, the 5-HT receptor subtype in both the guinea pig and human may be similar (Chang and Owman, 1989; Parsons et aI., 1989) . We also counted the number of cells present after stimulation, because of reports that an increase eH]thymidine incorpo ration may be observed in SMCs without an in crease in cell number (Owens, 1989) .
Inhibition of mitogenesis by Ca2 + channel block ers has prompted speculation that Ca2 + channels are involved in mitogenesis in a number of cell sys tems, but only in some have functional Ca2+ chan nels actually been shown by direct electrophysio logical methods (Chen et aI., 1988; Olsen et aI., 1989) . In aortic SMCs, dihydropyridine Ca2+ chan nel blockers inhibit mitogenesis after stimulation by platelet-derived growth factor (Nilsson et aI., 1985; Thyberg and Palmberg, 1987) , but the hypothesis that Ca2+ channels play a role in mitogenesis of SMCs is weakened by evidence that Ca2+ currents decrease during primary culture (Akaike et aI., 1989) and that Ca2+ currents have not been re ported in passaged, cultured SMCs except in em bryonic cell lines. To demonstrate the presence of Ca2 + channels in our cell system, we used patch clamp techniques to measure functional channels directly.
MATERIALS AND METHODS

Cell culture
Basilar arteries from adult guinea pigs (Cavia porcellus.
Hartley strain, 200-500 g) were harvested under sterile conditions in a laminar flow hood. For explant cultures, the vessel was stripped of adherent meninges, minced, J Cereb Blood Flow Metab, Vol. 12, No.1. 1992 and plated in culture dishes coated with heat-inactivated 100% fetal calf serum (FCS, GIBCO) . For cultures de rived from enzymatically digested vessels, the artery was first placed in minimum essential medium containing Earle's salts and L-glutamine (MEM, GIBCO) with 2 mg/ ml of collagenase (Sigma) and incubated at 37°C for 30 min. The meninges were then stripped, the vessel was opened, and the endothelium was removed by blunt dis section under a microscope. The tissue was digested fur ther in MEM containing 2 mg/ml of collagenase and 2 mg/ml of elastase (Sigma) at 37°C for 90-120 min. Cells were plated on untreated tissue culture surfaces in main tenance medium consisting of RPM I medium 1640 with L-glutamine (GIBCO) or medium-199 with L-glutamine (MI99, GIBCO) supplemented with 10% FCS, 100 mg/ml of penicillin, and 100 j..l g/ml of streptomycin. Cultures ob tained by either method were kept in maintenance me dium for up to 30 passages. We selected for the most adherent cells by exploiting the differential sensitivity to trypsin. Cultures were exposed to 0.05% trypsin/5.3 mM ethylenediaminetetraacetic acid (EDT A) solution for 5 min and detached cells were discarded. Adherent cells were detached by longer exposure to trypsin-EDT A and then were replated in the usual manner.
Cultures were monitored for a hill-and-valley pattern, the characteristic growth pattern of SMCs. Electron mi croscopy was performed using the method of Arnold and Boor (1986) to demonstrate multilayered growth and ab sence of contact inhibition. Immunocytochemistry was performed at various intervals to verify positive staining for monoclonal ex-actin (Sigma). Judged by these criteria, our cultures were highly enriched in SMCs.
For the experiments reported here, cultures were pre pared from five different basilar arteries. Each cell line was screened for the presence of specific binding of eH]5-HT, defined as >50% binding of 1-5 nM [3H]5-HT, displaceable by 10 j..l M unlabeled 5-HT (Jazayeri et aI., 1989) . We found specific binding in three of the five cell lines. Unless otherwise noted, the studies reported here were carried out using two cell lines positive for eH]5-HT binding.
[
H]Thymidine incorporation
Cells were seeded to approximately 75% confluence in either 96-or 24-well plates. Cells were maintained in RPMI -1640 with 10% FCS for 24 h. The medium was then replaced with a serum-free quiescent medium (Q medium) made from equal volumes of Dulbecco's modified Eagle medium with L-glutamine (D-MEM, GIBCO) and F-12 nutrient mixture (Ham) with L-glutamine (GIBCO), sup plemented with 5 j..l g/ml of transferrin, 110 j..l g/ml of as cor bic acid, and 1 j..l g/ml of insulin (Kavanaugh et aI., 1988 ).
Q medium was tested for effects on cell viability using trypan blue exclusion and yielded >90% viable cells after 48 h. After 24 h, Q medium was replaced with fresh Q medium alone or Q medium containing 10-1 2 _10-5 M 5-HT (Sigma). For experiments with nifedipine (Sigma), the drug was first dissolved in polyethyleneglycol (PEG, molecular weight of 400) and then added to Q medium (final concentration of PEG of 0.05%). All experiments were performed in the dark. Q medium added to wells without nifedipine contained an equal amount of PEG. After 20 h of incubation with 5-HT, with or without ni fedipine, 2 j..l C/ml of eH]thymidine (NEN Dupont) was added for 4 h. The cells were then washed with Hank's buffered saline solution.
[3H]Thymidine incorporated into the acid-insoluble fraction was extracted by first washing with 10% tetraethylammonium chloride, and then with ethanol/ether (2: 1). The cell debris was extracted into 0.5 N NaOH and the solution was placed into scintillation vials and counted (Beckman 3801) at =50% efficiency. Baseline counts of disintegrations/min (dpm) were gener ally low in Q medium (50-150 dpm).
Cell counts
Cells were seeded at a density of 1.25 x 105 cells/well in 24-well plates and were treated as described above except that [3Hlthymidine was excluded. At 24 or 48 h after addition of growth factors, cultures were trypsinized and gently triturated to minimize cell clumping. Cells that excluded trypan blue were counted in duplicate in a stan dard hemocytometer.
Patch clamp experiments
The maintenance medium was replaced with Q medium 48 h before recording. At 24 h before recording, 5-HT in Q medium was added to dishes with experimental cells (final concentration of 5-HT of I f.lM) and an equal vol ume of Q medium was added to dishes with control cells.
On the day of recording, cultures were treated enzymat ically to prepare cell surfaces for patch clamping and to remove loosely adherent cells. Enzymatic treatment was carried out in Spinner's solution (Sigma) at 36°C. After a 5 min wash, cells were exposed to Spinner's solution con taining 0.2 mM Ca 2 + and 1 mg/ml of collagenase, 0.2 mg/ml of elastase, 0.2 mg/ml of DNase (Sigma), I mg/ml of soybean trypsin inhibitor (ST!, Sigma), and 1 mg/ml of bovine serum albumin (BSA, fatty acid free, Sigma) for 90 min, followed by Spinner's solution with 0.4 mg/ml of protease type XIV (Sigma), 0.4 mg/ml of ST!, and 0.4 mg/ml of BSA for 5 min. Cells remaining on the dish were washed with Spinner's solution, stored at 4°C in KB me dium (Kl6ckner and Isenberg, 1989) and studied within 6 h of treatment.
Cells were voltage clamped at room temperature (20-24°C) as previously described (Simard, 1991) , using the whole cell variant of the patch clamp technique (Hamill et aI., 1981) . Pipettes (2-3 MO) were fabricated from boro silicate glass (Kimax, Fisher Scientific). The holding po tential Eh was generally set to -55 m V, but in some experiments was varied. Membrane currents were re corded at intervals of 10-15 s, during 25 or 200 ms pulses to + 15 mV or other potentials. Current records were digitally corrected on-line for leak and uncompensated capacitative current, and were stored on diskettes for off line analysis. Membrane seals were formed in a solution containing 125 mM NaCl, 5 mM KCl, 1 mM MgCI 2 , 10 mM BaC1 2 , 10 mM HEPES, and 12.5 mM glucose, pH 7.2 with NaOH. For recording Ca 2 + channel currents, the solution was changed to a similar one except that N aCI was replaced by tetraethylammonium chloride and KCl was replaced by 4-aminopyridine. The pipette solution contained 135 mM CsCl, 4 mM, MgCI 2 , 10 mM HEPES, 2 mM Na 2 ATP, 11 mM [ethylene bis(oxonitrilo)ltetraace tic acid (EGTA), and 1 mM CaCI 2 , adjusted to pH 7.2 with CsOH. Stock solutions of Bay K 8644 (Sigma) were prepared as 1 mM solutions in 50% PEG. After cancella tion of electrode capacitance, the cell capacitance (an es timate of membrane surface area) was measured using the transient compensation network of the amplifier (List, EPC-7). This method was independently verified to ac count for >90% of cell capacitance.
Data analysis
Data on [3Hlthymidine incorporation at each concen tration of 5-HT were expressed as percent change from control, calculated as 100 x (S x -Bx)/Bx' where Bx is the baseline count (dpm), Sx is the count with 5-HT, and x = o without nifedipine or x = I with nifedipine. Separate experiments showed that nifedipine had no consistent ef fect on baseline counts. Data were fit to equations using the nonlinear least-squares method of Marquardt, as im plemented in NFIT (Island Products). Statistical signifi cance was assessed using a paired Student's t test or anal ysis of variance (ANOV A). Data are given as mean ± SD.
RESULTS
[ 3 H]Thymidine incorporation with 5-HT
Cells were assayed for eH]thymidine incorpora tion as an index of DNA synthesis. In cell lines positive for 5-HT binding, 5-HT stimulated eH]thy midine incorporation in a dose-dependent manner (Table I, [nifedipine] = 0). The magnitude of the 5-HT -stimulated [3H]thymidine incorporation var ied between experiments and cell lines, but the dose-response relationship was quite uniform and the effect was highly significant (ANOV A, p < 0.001). In nine experiments, an ECso of 31 nM was found, with a maximum increase of 382 ± 207% observed at 10 -7 M 5-HT. Higher concentrations of 5-HT (10 -6 and 10 -s M) also caused an increase in eH]thymidine incorporation, but less than the max imum effect observed at 10-7 M. Notably, in one of the cell lines found on initial screening to be nega tive for specific binding of 5-HT, we found no effect of 5-HT on incorporation of eH]thymidine.
Nifedipine partially inhibited the effect of 5-HT on eH]thymidine incorporation. As shown in Table  1 ([nifedipine] = 1 J.LM), the inhibitory effect of ni fedipine was significant at concentrations of 5-HT > 10-9 M, above which 40-50% of eH]thymidine Values are mean ± SD (n = 9) of percent change from base line. 5-HT, serotonin. incorporation was blocked. Nifedipine did not change the shape of the concentration-response curve for 5-HT, did not change the apparent EC 5 0 value for 5-HT, and had no consistent effect on basal incorporation of eH1thymidine.
Cell counts
We performed separate experiments to correlate the increase in thymidine labeling with the number of cells present, and also to check for a toxic effect of nifedipine (Table 2) . After 24 h in Q medium, 5.0
x 104 cells were counted compared to an original 1. 25 x 10 5 cells seeded, possibly indicating a low seeding efficiency. The count was stable, however, at 48 h in Q medium. No statistically significant increase in cell number was observed with 10 -7 M 5-HT (p > 0.05 by ANOV A and paired Student's t test), although the trend was for a higher cell count at both 24 and 48 h (15 and 28%, respectively). By contrast, FCS increased the cell number signifi cantly by 48 h, and a population doubling time of 33 h was estimated, comparable to values previously reported for cerebral smooth muscle (Moore et aI., 1984; Diglio et aI., 1986) . In addition, a small but not statistically significant reduction in cell number was observed with nifedipine when given with either growth factor, but not with Q medium alone, indi cating that nifedipine probably was not directly toxic.
Calcium channel currents
For the patch clamp experiments, we used inter nal and external solutions designed to optimize re cording of inward Ca2+ currents and maximally block outward K + currents. Current records ob tained in one cell during 200 ms pulses to various potentials are shown in Fig. lA . From an Eh of -80 m V, the threshold for activation was -25 m V. At potentials near the threshold, currents did not inac tivate during 200 ms pulses, but at more positive potentials they inactivated progressively more strongly. Plots of the peak inward current vs. volt age in 13 cells showed that the midpoint potential (E,/) for the descending branch was -0.8 ± 4. 3 m V, and that the current was maximum at + 17.7 ± 3.7 mV (Figs. IB and 2B, filled squares). Reducing Eh from -80 to -40 m V had no effect on the cur rent ( Fig. lC, a versus b) . Short test pulses (25 ms) were used to study tail currents on returning to Eh that are due to deactivation of the channels. Under control conditions, currents deactivated rapidly « 1 fLS) and never showed a second, slower phase of deactivation ( Fig. 2A, CONT) . These features of the inward current are typical of those expected for L-type Ca2+ channels, and give no evidence for any other subtype of Ca2+ channel.
In addition to the voltage and kinetic character istics noted above, evidence that the inward cur rents were due to L-type Ca2+ channels was given by the characteristic response to Bay K 8644, which activates dihydropyridine-sensitive Ca2+ channels. As expected (Markwardt and Nilius, 1988) , Bay K 8644 caused a large increase in current, shifted the current/voltage curve to more negative potentials ( Fig. 2B, empty squares) , and greatly slowed deac tivation of the current, as indicated by measure ments of the tail current ( Fig. 2A) . During test pulses to + 15 m V, 1 fLM Bay K 8644 increased the current by a factor of 2.8 ± 0.9 (n = 14).
We measured the magnitude of the inward cur rent in 27 cells, 12 of which had been stimulated with 1 fLM 5-HT 24 h before recording, and all of which were from different cultures. To minimize errors due to uncompensated cell capacitance and due to rundown of inward current, values for each cell were standardized as follows: the average cur rent between 21 and 23 ms was computed for each test pulse to + 15 mV from Eh :;;: 55 mY, and the most negative value for each cell was taken as the measurement for that cell. A semilog plot of stan dardized current vs. cell capacitance is shown in Fig. 3 . These data indicate that current increased exponentially with membrane surface area, as mea sured by cell capacitance, and that stimulation with 5-HT had no effect on the density of functional Ca2+ channels expressed. 
DISCUSSION
Our results demonstrate that 5-HT is a mitogen for SMCs isolated from the basilar artery of the guinea pig, as reported with SMCs from rat or bo vine aorta (Nemecek et ai., 1986; Kavanaugh et ai., 1988) . The potency of effect (EC 5 0 of 31 nM) was greater than in aorta (EC 5 0 = 10 -7 to 10 -5 M 5-HT), as reported both by others (Nemeck et a\. , 1986; Kavanaugh et ai. , 1988) and by ourselves (Kent et ai., 1991) . This difference in potency par allels the higher contractile potency of 5-HT in the basilar artery compared to aorta (Peroutka, 1984; Chang and Owman, 1989) . Also, the value is con sistent with our finding of a eHl5-HT binding site in cultured basilar artery SMCs with a Kd = 20 nM (Simard et ai., 1990) .
At high concentrations of 5-HT, a relative de crease in stimulation was observed compared to that at 10-7 M 5-HT. This observation may reflect exhaustion of essential growth substrates, it may be due to a toxic effect of 5-HT, or it may represent true inhibition mediated by a lower-affinity 5-HT -400
CpA)
• receptor. Our data, however, are not sufficient to distinguish between these possibilities.
Nifedipine partially inhibited eHlthymidine up take stimulated by 5-HT, as previously reported for other growth factors (Nilsson et ai., 1985) . Nonspe cific effects of nifedipine are possible, and other dihydropyridines will have to be tested. However, our demonstration of Ca2 + channel currents in these cells is compelling evidence for a role of Ca2 + channels in the effect of nifedipine, and by implica tion, in 5-HT-induced mitogenesis in cerebral SMCs. An additional link between 5-HT, Ca2+ channels, and mitogenesis is provided by reports that the mitogenic response to 5-HT in fibroblasts as well as aortic SMCs is coupled via a pertussin toxin-sensitive pathway (Kavanaugh et ai., 1988; Seuwen and Pouyssegur, 1990) , as is dihydropyri dine-sensitive Ca2+ influx in smooth muscle cells (Felbel et ai., 1988) .
Nifedipine blocked about one-half of the growth stimulatory effect of 5-HT, as observed in other cell systems (Jackson et ai., 1989) . Although the actual concentration of nifedipine remaining during the ex- periment was not measured and may have been less than the starting concentration (1 f,LM), it is unlikely that the concentration of nifedipine accounts for the incomplete block of the effect of 5-HT. Dihydropy ridine blockers are potent inhibitors (nM range) of Ca2+ channels in vascular SMCs (see Table 1 of McCarthy and Cohen, 1989) , and in basilar artery cells, 1 nM nifedipine blocks 82% of L-type Ca2+ current (Simard, 1991) . Given the important role of Ca2+ in mitogenesis, the finding of incomplete in hibition probably reflects the fact that other mech anisms, including production of inositol triphos phate (Nishizuka, 1986) , are available for increasing [Ca2+]i after mitogenic stimulation. Notably, we have found that nifedipine does not inhibit [3H]thy midine uptake due to 5-HT in cultured SMCs from Wi star-Kyoto (WKY) rat aorta when studied under identical conditions (Kent et aI., 1991) , indicating that alternate or mUltiple mechanisms are at play in regulating Ca2+ in SMCs from different vascular beds or species. The presence of Ca2+ channels in cultured SMCs previously has been inferred from inhibitory effects of dihydropyridines on mitogenesis (Nilsson et aI., 1985; Thyberg and Palmberg, 1987) . Our data are the first, however, to show Ca2+ channel function directly in cultured, passaged vascular SMCs from adult animals. Apart from freshly isolated cells or cells in short-term primary culture, Ca2+ currents previously have been recorded only in cultured SMCs derived from embryonic cells (Friedman et aI., 1986; Galizzi et aI., 1987; McCarthy and Cohen, 1989) . Our finding of Ca2+ channel currents in pas saged basilar artery SMCs may be related to the blood vessel or species of origin, but differences in J Cereb Blood Flow Me/ab, Vol. 12, No.1, 1992 100 120
culture conditions, such as the use of Q medium, cannot be discounted.
Of the several subtypes of Ca2 + channels that have been described, only the dihydropyridine sensitive, L-type channel was expressed in cultured basilar artery cells. This contrasts with freshly iso lated cells from the same preparation, which also exhibit B-type Ca2 + channel current (Simard, 1991) , and indicates that the cells underwent phe notypic modulation in culture. The presence of only L-type Ca2 + channel current also contrasts with other vascular SMCs, including embryonic cell lines, which in many cases also possess T -type Ca2+ channel current (Akaike et aI., 1989; Fried man et aI., 1986; McCarthy and Cohen, 1989) . The kinetic and voltage-dependent properties of the cur rent that we report were characteristic for L-type channels and exclude the presence of B-type or T-type current. In addition, the effects with Bay K 8644 were typical for L-type Ca2+ channels (Mark wardt and Nilius, 1988) , and no other ion channel is known to be stimulated by this compound. The den sity of Ca2+ channels expressed in cultured cells ( -0. 5 to -4 pA/pF; see Fig. 3 ) was much less than that seen in freshly isolated cells studied under identical conditions (-14.8 pA/pF at 18.8 pF) (Simard, 1991) and, surprisingly, the density of channels varied not linearly but exponentially with membrane surface area, indicating a phenotypic ex pression or modulation associated with cell size.
We did not find a significant increase in cell num ber with 5-HT after 24 or 48 h of incubation, despite a significant increase in eH]thymidine incorpora tion at 24 h. Inaccuracies in counting may have ob scured a significant effect, but it is also possible that, under our culture conditions, 5-HT may have induced polyploidy, rather than solely initiated cell division. This phenomenon has been noted in pe ripheral vascular SMCs (Owens, 1989 ), but requires further study in our preparation.
Ca2+ channel blockers prevent intimal prolifera tion after vascular injury, and have proven effica cious as prophylactic agents in atherosclerosis (Jackson et aI., 1989; Lichtlen et aI., 1990) as well as in cerebral vasospasm after subarachnoid hemor rhage (Allen et aI., 1983; Meyer, 1990) . As with theories on atherosclerosis, we propose that one mechanism for the beneficial effect of Ca2 + channel blockers in vasospasm is inhibition of DNA synthe sis and initiation of phenotypic changes due to the variety of growth factors likely to be released after aneurysmal subarachnoid hemorrhage. Serotonin is one of several potential growth factors that might be involved in such an effect, but whether dihydro pyridines inhibit the action of other factors remains to be investigated. Also, it is not known whether Ca2 + channel blockers inhibit transitions to a phe notypically modulated state in vivo, or which phe notype of SMCs in situ might be modulated during the development of vasospasm.
The role of mitogenesis in cerebral vasospasm has been controversial, largely because only the late changes associated with a proliferative vascu lopathy have been documented, at a time after sub arachnoid hemorrhage when the risk for vasospasm has passed (Take mae et aI., 1984; Findlay et aI., 1989) . Nevertheless, support for the involvement of a process related to growth factors comes from ev idence that protein synthesis inhibitors, which are anti mitogenic (Alberts et aI., 1983) , and other an timitogens are beneficial as prophylactic agents in vasospasm. Like protein synthesis inhibitors (Shi geno et aI., 1990) , anti mitogenic agents with dem onstrated efficacy in experimental vasospasm in clude dihydropyridines, cyclosporin A (Jonas son et aI., 1988; Peterson et aI., 1990; Wengrovitz et aI., 1990) , and heparin (Kapp et aI., 1985; Chimowitz and Pessin, 1987) . Some studies indicate that other vasodilators may have a beneficial effect in vaso spasm, a finding consistent with our hypothesis, as many vasodilators are also anti mitogenic for SMCs (Owens, 1989) . Equivocal benefits obtained with vasodilators (Wilkins, 1980) may be explained if these were given late after subarachnoid hemor rhage, with the intent to reverse vasospasm, rather than early to prevent stimulation of DN A synthesis.
We propose that prevention of the early effects of vascular injury, which may include DNA synthesis and phenotypic modulation preceding or without actual proliferation, may be involved in the prophy-lactic action of dihydropyridines in cerebral vaso spasm. Notably, in preliminary experiments on a primate model of subarachnoid hemorrhage, an in crease in eH]thymidine incorporation has been ob served in vessels exposed to blood (Pluta et aI., 1991) . Although not well correlated with vaso spasm, this finding supports the hypothesis of early effects on DNA synthesis, a potential target for di hydropyridines. The contractile physiology of phe notypically modulated SMCs, prior to or without proliferation, is not well understood. It is known, however, that vasoreactivity is altered after expo sure of vessels to blood (Lobato et aI., 1980) , and that passaged SMCs maintain the ability to contract in response to various stimuli (Murray et al., 1990) . It is conceivable that further study of phenotypi cally modulated SMCs, prior to or without prolifer ation, may help our understanding of the vasculop athy that frequently accompanies aneurysmal sub arachnoid hemorrhage.
